INTRODUCTION
Although melon production is significantly concentrated in the Brazilian states of Rio Grande do Norte and Ceara, in the last two decades there has been an increase in the net melon production in cropped in protected environments in Southeastern (CASTOLDI et al., 2008; PADUAN et al., 2007) and in the North of Brazil (ARAÚJO et al., 2010) . This is because increased profitability can be achieved in small areas in a protected environment.
Irrigation is required in fruit growing in protected environments. However, in times of qualitative and quantitative scarcity, water is no longer free property and acquires an economic value (DIAS et al., 2012) . Thus water use efficiency has become an everyday need for many users (MONTEIRO et al., 2007) . This fact makes the need clear for more rational use within the economic considerations inherent in any productive activity, using techniques that allow efficient water use in various human activities, including irrigation (MONTEIRO et al., 2008a; MONTEIRO et al., 2008b) .
The search for this efficiency has led to more efficient application techniques with maximum waste reduction. The use of plastic films in greenhouses and land cover ("mulching") has become critically important for reducing loss water through evaporation (MONTEIRO et al., 2008a) . The mulching technique has assumed an important role in land cover (MONTEIRO et al., 2008a; MONTEIRO et al., 2008b; MEDEIROS et al., 2006 , MEDEIROS et al., 2005 , but the actual water use by crops should be observed under these conditions and the soil-waterplant processes involved, soil water distribution and wet bulb conformation, which justify the use of such techniques. This information is of great importance to both, design projects and irrigation management, for example, to define the number and spacing of emitters, their location relative to plants or plant rows and to define the different areas of water and nutrients.
The choice of mulching and protected environment can prolong the melon cropping from spring to autumn and has been shown to be economically viable. However, some technical procedures should be adjusted for the proper conduction of this crop and the solution of problems caused by modifying its environment, including the difficulty of establishing the adequate water allocation. Therefore, the objective of the present study was to quantify the water consumption of a melon plant subjected to the effects of plastic ground cover (mulching) in a protected environment and to verify the spatial distribution of water around the root system of the melon crop in two soil classes: Typic (sandy loam soil) and Ultisol (clayey soil). The experiment was carried out in greenhouses covered with high density transparent polyethylene film, 0.10 mm thick and treated against the action of ultraviolet rays. The sides had a 0.20 m reinforced concrete wall and were closed with transparent protective plastic screen, type clarite 50%, with ultraviolet protection. The greenhouse contained 96 boxes of 1.0 m 2 and 0.65 m height distributed in eight rows of 12 boxes, four rows of boxes filled with sandy loam soil and four filled with clay soil. Each experimental plot size was 2.0 m 2 , it was composed of two plants (two boxes). A 5 cm thick layer of gravel was placed on the bottom of the boxes, covered with "Bidim" geotextile. A 25 mm diameter PVC pipe was installed, perforated and covered at the bottom with the same geotextile and buried vertically in the ground, serving as a drain.
MATERIAL AND METHODS
The following soils were used in this study: Oxisol, Sandy loam, called "Sertãozinho Series" and Ultisol, clay, called "Luiz de Queiroz Series" (Tabela 1). To check the soil water distribution, two variables were studied: ground cover (with and without mulching) and soil class (sandy loam and clay). The melon crop water uptake was estimated with and without plastic ground covering. The plastic film used in the experiment, made in Israel, has the following specifications: double-sided (silver on the upper side and black on the underside), 25 micron thick, 28 MPa stress fracture toughness, 400% elongation up to fracture, photosynthetically active radiation and less than 1% reflection of photosynthetically
active radiation greater than 25%. Twelve boxes were selected with sandy-loam soil and 12 others with clay soil to monitor soil moisture via digital tensiometer puncture (SILVA et al., 2004) . The equipment was arranged in the same way as the cultivation boxes, with radial distance from the drip of 0.10, 0.20 and 0.30 m in the boxes without "mulching." In the boxes with mulching and the distances listed, other equipment was added at the radial distance of 0.40 m at 43 days after transplanting (DAT). In each of these horizontal distances, equipment was installed at depths of 0.15, 0.30 and 0.50 m. Thus nine tensiometers were placed in 12 monitored boxes without "mulching" and 12 tensiometer in 12 boxes with mulching, being 6 boxes for each soil class.
The crop used in the present study was the net melon (Cucumis melo L.) lacey, hybrid, Bonus II, conducted under staking. The seeds were sown in128-cell trays, and 21 days after sowing (DAS), when plants had two true leaves, they were transplanted to the greenhouse boxes, on November 4 th , 2005. The melon cycle consisted, from the beginning of transplantation to the last harvest, of an 84-day interval.
The irrigation system used in the experiment was localized, through a drip composed of four lines, 16 mm nominal diameter polyethylene derivatives and the side lines were of the same material and diameter. The drips were self-compensating, with a 4 L h -1 a flow rateoperated at 150 kPa operating pressure. The water suction and distribution to the plants were made by a 0.5 hp centrifugal hydraulic pump, installed inside the greenhouse. After the pump, a filter disk and a Bourdon gauge were installed to monitor the operating pressure of the system.
Irrigation management was based on soil moisture data, obtained by using tensiometers and water retention curves of soil water, prepared in the laboratory. A one-day fixed irrigation shift was established and from the average of the tensiometer readings at 0.15 m depth observed in the treatments with mulching, the amount of water was set to be applied in all treatments , sufficient to raise the moisture to field capacity, corresponding to the matric potential (φm) of -10 kPa. This management was adopted due to the limitation of the irrigation system, which, for reasons of cost and operability, the water could not be controlled in each treatment individually.
For further analysis of the effect of management type on the boxes without "mulching", evapotranspiration was estimated in these boxes (ETc) and compared with the total depth applied during the experimental period. The PenmanMonteith -FAO Standard test was adopted to estimate the ETo (Allen et al., 1998 ) (eq. 1), using the value of 0.063 kPa °C -1 for the psychrometric constant. To estimate the ETo in the greenhouse from the ETo in the external environment, equation (2) was used, proposed by Blanco and Folegatti (1998) from an experimental study in the same area. The values of crop coefficient (Kc) were adopted according to equation 3 suggested by Silva et al. (2004) who worked with the same cultivar and adopted the same management in the same experimental area.
(1) 
where: y -ETo estimated for the protected environment, in mm day -1 ; x -ETo in external environment, in mm day
where: DAP -days after planting.
RESULTS AND DISCUSSION
During the crop cycle the maximum temperature inside the greenhouse and the external environment were 36.7 and 29.9°C, respectively, representing a significant difference of approximately 7°C. The average minimum temperature, determined for the inside and outside the greenhouse, was 19.5 and 18.2°C for the experimental period, respectively, differing by approximately 1°C. The optimum temperature range for the best production growth throughout the melon development cycle is WATER CONSUMPTION AND SOIL MOISTURE DISTRIBUTION IN MELON... between 25 and 35ºC (OHARA et al., 2000) . At low temperatures, 15-20°C, the melon branch is affected, resulting in poorly developed plants, while very high temperatures, above 35°C, cause flower and young fruit fall, when accompanied by hot winds, cause cracks in the fruits (OHARA et al., 2000) . In just six days of the cycle, the average temperature of the experiment (greenhouse) was less than 25°C, and no day reached average values greather than 35°C, although in 75% of the days, the maximum temperature exceeded 35°C and the minimum temperature was below 20°C in 39.3% of the days, which caused no damage to plant (MONTEIRO et al., 2008a) .
The average values of temperature measured inside and outside the greenhouse environment for the range of 84 days were 28.1 and 23.4°C, respectively. Therefore, with these values, the temperature range during the experimental phase allowed good development of the melon crop in the greenhouse. Vásquez (2005) working with the same hybrid melon in the same period of the year and place, from September 2001 to January 2002, found mean values of average temperature, minimum and maximum of 24.9, 18,1 and 33.5°C, respectively.
The maximum relative humidity (RH max ) measured in the environment outside the greenhouse was 99.4% on average and often equal to 100%, all higher than that measured inside the greenhouse, average 83.8%. Regarding to minimum values, there was observed the same tendency. The air relative humidity value of the external environment, average 55%, was always higher than inside greenhouse, average 30.4%. Vásquez (2005) found values of 72.6, 49.8 and 89.8% RH for the average, minimum and maximum relative humidity, respectively, in the same period of the year. These results were expected, since the temperature inside the greenhouse was always higher than the values obtained for the external environment and it is expected that the absolute air humidity would be similar in the two environments. With these values the air relative humidity range during the experimental phase allowed good development of the melon crop in the greenhouse.
The crop evapotranspiration (ETc) boxes without mulching (Figure 1) showed that, in practically the entire crop cycle, the plants without mulching would be under water stress by climatic water balance, contrary to the potential measured on the ground. Due to a problem in the irrigation control panel at 54 DAT, the irrigation system operated for 13 hours, which may have contributed to minimizing the climatic water deficit in cropping boxes without mulching. Despite the climatological total deficit of the crop, as expected due to the management option adopted, there was no negative effect on the development, production and crop quality (MONTEIRO et al., 2008a) , showing consistency with the potential measured in the soil.
The total ETc during the cycle was 187.2 mm and the depth of water applied, 175.2 mm, suspending the irrigation at 81 DAT. This difference of 12 mm, plus the 15 mm added to the water sheet at 54 DAT (in excess to the boxes with mulching) due to the problem of the irrigation system, expressed therefore, 27 mm (14.5% ) water saved due to mulching because water evaporation was prevented. Medeiros et al. (2005) found 18% reduction in melon water requirement, under the same roof with double-sided silver / black polyethylene film. Dantas et al. 2011 using the same plastic film observed that standard depth of 452 mm can be reduced by 28% without yield reduction.
The lowest and highest daily ETc of the crop without "mulching" were recorded at 22 and 75 DAT, respectively, and were 0.4 and 4.9 mm. The average daily ETc was 2.3 mm. Vásquez (2005) in the same place and in the same period of the year, found total depth of 417.3 mm applied, equivalent to Class A pan evaporation modified in a 94 day cycle, corresponding to a daily average of 4.4 ETc mm day -1 . In terms of volume, each plant received on average, the amount of 175.2 L of water at 84 days of cultivation. However, their water uptake, eliminating the error irrigation at 54 DAT, would be 160.2 L for the mulched boxes. For the boxes without mulching, the water requirement was estimated to be 187.2 L water per plant. Silva et al. (2004) worked with the same hybrid melon in the same place and time of the year and reported uptake of only 101 L of water per plant, in an 80-day cycle, because they planted in small potted of 0.06 m 3 volume. During the experimental period, a 231.4 mm crop water requirement was estimated outside greenhouse. Vásquez (2005) found water requirement of 655.5 mm outside the greenhouse. The low value found in this study was probably due to climatic conditions inherent at the time of the experiment which compared to the period Vásquez (2005) studied, had lower mean global radiation, daily insolation, and higher relative air humidity. Monteiro et al. (2006) worked in the region of Pentecost, CE, and reported a 422.1 mm melon water uptake in a 60-day cycle. Ferraz et al. (2011) observed the highest yield of melon is obtained from of 99 mm cycle -1 plant -1 application irrigation depth.
Regarding to soil moisture distribution in general, the moisture monitored at a depth of 0.50 m was higher in the whole cycle, in both soils ( Figures  2 and 3) , but was more intense in the sandy-loam soil (FA) showing soil water tension, on average, 2.3 kPa compared to 3.1 kPa to the clayey soil (A) ( Table 2) , showing the greater saturated hydraulic conductivity of this soil (115.8 mm h -1 for the profile on average) compared to the clay soil (A) that was, on average, 64 3 mm h -1 . These conductivity values are related to the accommodation conditions in which the soils were placed in boxes.
The mulching provided on average 35 and 30 mm water depth retention in 0.50 m soil deep in the FA and A soil, respectively, compared to no mulching using. The A soil provided on average 43 mm water depth retention of the same soil deep relative to the FA soil (Table 2 ).
In the FA soil, the humidity varied greatly (1.6 times of the variation found in the A soil) over the cycle (this means 14.6 mm compared to 9.0 mm of the A soil in 0.50 m soil deep), especially after the 27 DAT, when the plants increased water uptake (Table 2, Figures 2 and 3) . This variation was also observed in A soil, but with less intensity, keeping the soil moisture around the field capacity. It was observed that these fluctuations were intensified as the horizontal distance from the drip increased, with the approach of the end of the wet bulb.
It was observed that the A soil moisture, in soil in any position monitored, varied more similarly to moisture at field capacity compared to the soil FA, showing that the matric potential found in the irrigation of -10 kPa adjusted better to the ground, especially with mulching (Figure 3) , as shown by better water distribution in the soil, which justified the higher yield found in these conditions (MONTEIRO et al., 2007) . , however, worked with the same melon cultivar on sandy-loam soil and took the matric potential of -10 kPa monitored at 0.15 m depth and adjusted better to the ground. Braga et al. (2006) studied melon cropping in greenhouses and also found, in contrast to this study, that soil water matric potential from -30 to -40 kPa at 0.15 m depth can be used as a criterion to start irrigation in clay textured soil. Measuring soil matric potential at 0.3 m depth, Rodríguez et al. (1999) showed that the commercial performance of melons was significantly affected by irrigation. The best-yielding treatment corresponded to the matric potential of soil water of -14 kPa. Similarly, Perez & Rivero (2001) studying total irrigation water for the tensions recorded at 0.3 m soil depth, -10, -25 and -45 kPa with melon, had better performance for the-10 kPa treatment. Humidity levels of 25 and 45 kPa negatively affected the total production of fruits by 26 and 30%, respectively.
At 54 DAT, a peak increase in soil moisture was observed for all treatments in both soils and depths monitored, due to excessive water application because of irrigation system problems already mentioned.
The moisture in all treatments decreased considerably in both soils (in the A soil water tension increased 2.4 kPa, in average, compared to only 1.2 kPa of the FA soil) as the radial distance increased from the emitter to the three layers (0.10, 0.30 and 0.50 m) monitored (increased in average 2.5 kPa in the no mulching using compared to increased only 1.0 kPa with mulching using), and the most soil moisture significant reductions were without mulching at a depth of 0.15 m ( Table 2 , Figures  2 and 3 ), reducing considerably with soil depth, which characterizes the conformation of the wet bulb around the emitter. This shows the ability of the mulching not only to reduce losses by evaporation, but above all, to promote water distribution in the soil. At a greater horizontal distance from the drip (0.40 m), the mulching also provided good soil moisture values, demonstrating the important contribution to the horizontal redistribution of soil water. Mota et al. (2010) concluded that the soil cover increased water storage, especially in the initial and rapid growth stages of the crop, but did not influence the fruit yield and post-harvest characteristics. In the FA soil, from 43 DAT (monitoring began at 0.40 m from the dripper), there was greater fluctuation in moisture until the irrigation was suspended (81 DAT) compared to the A soil, showing that the probable limit of the wet bulb in the FA soil was at this distance, to greater wetting dynamic at the wet bulb limits. 
CONCLUSIONS
Mulching provided 27 mm water saving by reducing water evaporation. In terms of volume each plant received, on average, the amount of 175.2 L water in 84 days of cultivation in without mulching, while when was used mulching the water requirement was 160.2 L per plant. The use of mulching reduced the soil moisture variability throughout the crop cycle and allowed a greater distribution of soil water that was more intense in the clay soil. The clayey soil provided on average 43 mm more water depth retention in 0.50 m soil deep relative to the sandy loam soil, and reduced 5.6 mm the crop cycle soil moisture variation compared to sandy loam soil.
